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Abstract 
Wind power has become one of the fastest growing new energy in China, which has important market prospects and 
research value. This paper analyses the regional distribution of wind power installed capacity and its characteristics in 
China by the method of cluster analysis. With the Panel Data of 13 selected provinces from 2004 to 2008, it also 
analyses the impact factors of China’s wind-generated electricity. The results show that the regional distribution of 
wind power investment basically corresponds to the wind resources distribution, but the Xinjiang region has not been 
developed effectively: investment in wind power significantly affects the level of wind-generated electricity; wind 
electricity presents reverse distribution compared to the electricity consumption. Therefore, policies such as overall 
planning, oversea markets expanding should be applied proactively in China’s wind power development. 
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1. Introduction 
Wind power is one of the fastest growing sources of electricity generation with the characteristics of 
low pollution and sustainable. All countries in the world have been making great effort to exploit and 
utilize the wind resources. By the end of 2009, the worldwide wind power capacity reached 159 213 MW, 
out of which 38 312 MW were added. It also showed a growth rate of 31.7 %, the highest rate since 2001. 
The trend continued that wind capacity doubles every three years. China continued its role as the 
locomotive of the international wind industry and added 13 800 MW within one year – as the biggest 
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market for new turbines, more than doubling the installations for the fourth year in a row  (World Wind 
Energy Report 2009). Obviously, the rapid growth of wind power industry and its increasing influence on 
the energy system have got a key recent concern. 
    Regard ing wind energy and wind power industry, foreign scholars focus on the aspects of global wind 
energy reserves, the development of wind energy market and the cost of wind-generated electricity, etc. 
Paul Breeze (2008) considered that the initial cost of wind turbines and the wind farm capacity were the 
main factors of the cost of wind-generated electricity, based on the analysis of wind resource available 
both globally and nationally. With four scenarios assumptions for both annual power consumption growth 
and annual wind additions growth (h igh-high scenario, h igh-moderate scenario, moderate-h igh scenario 
and moderate-moderate scenario), Dr.Rudolf Rechsteiner (2008) predicted how these four scenarios 
impacted on the traditional energies and other renewable energies respectively in the next few decades. 
G.Cornelis van Kooten & Govinda R.Timilsina (2009) raised that the financial instruments (such as 
Production Tax CreditˈPTC) were the most common tools to support the development of wind power 
industry for countries.  
    In addition, some foreign scholars believe that wind power can make a significant contribution to the 
regional economic growth. E. Lantz (2009) concluded that it is the investment in Nebraska that drive the 
state’s economic development. The average employment impact from building and operating 1 000 MW 
is 345 to 659 fu ll-time jobs. Economic output from construction and 20 years of operations for 1 000 MW 
is estimated to range from $868 million to $1 640 million. Renewable Northwest Pro ject in the USA 
(2009) regarded that the four large, recently completed Washington wind farms are generating millions of 
dollars in new property tax revenue for counties, millions  more in annual royalty payments for 
landowners and creating hundreds of new jobs. 
    However, the development of wind power industry in China and the related research es are still on the 
early stage, main ly in the following fields: (1) Assessment of wind energy reserves in China: based on the 
meteorological data of 900 stations , Xue Heng, Zhu Ruizhao, et al. (2001) estimated that the total wind 
energy reserve in China is 3.226×1012W and the exploitable capacity is 2.53×1011W on 10m height above 
the ground level. Zhou Rongwei, He Xiaofeng (2010) assessed the average offshore wind energy resource 
distribution with high spatial resolution of 1km×1km over coastal provinces in China  from 1986 to 2005 
by WERAS (Wind Energy Resource Assessment System). Results of the 20-year average wind energy 
resource distribution showed that the wind energy resources were very rich in Fujian province, fo llowed 
by Liaoning, Zhejiang, Guangdong, Shandong and Hebei provinces. (2) International comparison of wind 
power development and experiences: through introducing the wind power development policies of the 10 
typical countries, Zhang Hui (2009) summarized  major barriers of the global wind power development, 
such as technical barriers, economic barriers, market  barriers and institutional barriers . The world main ly 
took direct policies (establishing standardized quality certificat ion of wind turbine, etc.) and indirect 
policies (fixed electricity price, wind power concession policy, etc.) to overcome these obstacles. Li 
Junfeng (2008) analyzed the experiences of implement ing policies of feed-in-tariff, financial incentive 
tools, resource survey and power grid construction, etc. in Europe. It is proposed that China should 
enhance the improvement of pricing policy, set up standard and testing system, continue the resource 
survey and launch the power-grid construction for wind power development. (3) Risk analysis on the 
development of China’s wind power industry: Gao Xinyu (2009) cited a case of the CDM development of 
Beijing Guanting Wind Farm, and assessed the impact of CDM revenue on win d power development in 
Beijing. It is concluded that, supported by high tariff and high CDM revenue, the wind power 
development in Beijing is financially feasible. Yang Yong, Jiang Dongmei, et al. (2009) constructed the 
matrix of pre-assessing risks of China's wind power industry to further discuss  the potential risk factors 
within  China's wind power industry under risk ind icators like R&D, patents, the domestic policy, the 
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international policy, the quality of products and the market regulation, by  the methodology of Game 
Theory.   
    A lthough domestic and foreign scholars have studied on the wind energy resources and wind power 
industry comprehensively, the issues of regional investment distribution of China’s wind power and its 
impacts on wind-generated electricity, few people discussed. Therefore, based on the literature review, 
this paper will focus on the characteristics of regional investment distributions of wind power in China 
and the factors impact on  the level o f wind power generation. Then, it will further discuss the internal 
relationship between the investment in wind power and the wind-generated electricity, in order to provide 
the guidance for the further development of wind power industry in China. 
2.  Regional investment distributions of wind power 
    Ch ina’s wind power industry was established in 1980s, and has experienced four phases: the 
integration of wind power into the state electricity grid; the success of the integration and the gradual 
generalizing phase; wind power capacity expansion and the large-scale production by introducing the 
wind power concession projects. With the implementation of China’s “Wind Pro ject”, the International 
Research Pro jects, the “863 Program”  and the wind power concession projects, it great ly promoted the 
introduction and manufacturing of wind power technology as well as its large-scale installation. As Fig.1. 
indicates, China’s cumulat ive installed capacit ies of wind power were as an exponential growth trend 
since 2005. In 2006, the “Renewable Energy Law” was promulgated in China, wh ich provided a legal 
protection and clear policy guidance for the development and investment in China ’s wind power industry. 
According to the statistics, in 2009 the total number of newly installed wind turb ine in China was 10 129 
units, corresponding to putting up 27 units per day and 1 unit  per hour. By  end of 2009, the total installed 
capacities of China’s wind power have reached 2 580MW, which ranked the second in the world, 
represented 38.4% of the global wind capacities together with the USA. 
 
 
 
Fig.1. The new and total installed capacities of wind power in China (MW) 
 
    In order to figure out whether the investment in China’s wind power match the distribution of wind 
energy resources and analyze the characteristics of the reg ional investment as well, this paper collects the 
cumulat ive wind installation of 24 representative provinces, municipalit ies and autonomous regions of 
China from 2007 to 2009 (see Table.1.). Then it uses hierarchical clustering method by choosing 
Minkowski d istance to further discuss the characteristics of regional investment in wind power. The result 
shows in Fig.2. 
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Table. 1. 2007-2009 Cumulative wind installation in China by selected provinces 
No. 
Province 
(Municipality, Aut. Region) 
2007 
Cumulative (MW) 
2008 
Cumulative (MW) 
2009 
Cumulative (MW) 
1 Inner Mongolia 1 563.19 3 650.99 9 196.16 
2 Hebei 491.45 1 107.70 2 788.10 
3 Liaoning 513.81 1 224.26 2 425.31 
4 Jilin 612.26 1 066.46 2 063.86 
5 Heilongjiang 408.25 836.30 1 659.75 
6 Shandong 350.2 562.25 1 219.10 
7 Gansu 338.3 639.95 1 187.95 
8 Jiangsu 293.75 645.25 1 096.75 
9 Xinjiang 299.31 576.81 1 002.56 
10 Ningxia 355.20 393.20 682.20 
11 Guangdong 287.39 366.89 569.34 
12 Fujian 237.75 283.75 567.25 
13 Shanxi 5.00 127.50 320.50 
14 Zhejiang 47.35 190.63 234.17 
15 Hainan 3.00 58.20 196.20 
16 Beijing 49.50 64.50 152.50 
17 Shanghai 24.40 39.40 141.90 
18 Yunnan - 78.75 120.75 
19 Jiangxi - 42.00 84.00 
20 Henan 3.00 48.75 48.75 
21 Hubei 13.6 13.60 26.35 
22 Chongqing - - 13.60 
23 Hunan 1.65 1.65 4.95 
24 Guangxi - - 2.50 
 
    
 
 
Fig. 2. Rescale distance cluster combine (within group) 
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    The cluster analysis tree shows that the regional investment distribution of China ’s wind power 
presents the characteristic of unbalancedness. The level o f investment could be divided into 3 classes 
according to the total installed capacities of wind power among different regions in China: first, Inner 
Mongolia - in  a leading position; second, Jilin, Hebei, Liaoning and Heilongjiang provinces - the rap id 
developed regions; the rest  provinces, municipalities and autonomous regions belong to the third class. 
    (1) Inner Mongolia’s installed capacities keep the first place in  China for years. The wind energy 
reserve in Inner Mongolia is the highest among regions in China, and its  technical explo itable capacities 
of wind power are  estimated over 150 million KW. Since 1989, five wind  farms  have been built  in 
succession. By the end of 2008, the total installed capacities of wind power in Inner Mongolia has 
reached 3.65 million KW, which represented 36% of the nationwide. In 2008, the wind-generated 
electricity in Inner Mongolia was up to 3.5 billion KWh, accounting for 27.3% in China.  
    (2) Hebei, Jin lin, Liaoning and Heilongjiang provinces represent the fast growing regions of the 
China’s wind power investment. All these provinces belong to the “Three North Areas” in China with 
rich wind energy reserves. According to the general distribution of wind energy reserves in Hebei, 59 
sub-wind farms are schemed. Till 2020, the total p lanned installed capacit ies of wind power will reach 
14.13 million KW, which makes Hebei to be the wind power base of 10 million kilowatts-level. In Jilin 
province, the average wind speed per year reaches 6.0m/s - 7.1m/s on 70m height above the ground level 
and the annual average wind power density is between 255W/ m2  and 385W/ m2. By  the end of 2009, the 
total installed capacities of wind power in Jilin province has reached 2 063.86MW, accounting for about 
8% in  China, occupying national fourth. The wind-generated power in  Liaoning  province was firstly 
interconnected to the power grid in 1999, and by the end of 2009, the network wind farms have reached 
31, ranking second in the scale of nationwide wind capacities. By the end of 2009, the total installed 
capacities of wind power in Heilongjiang province has reached 1 659.75MW, accounting for 6.43% in 
China. Judging by the investment enterprise of wind power, the number of it has totaled 45 in the three 
northeast provinces of China, which greatly promoted the development of regional wind power installed 
capacities. 
    (3) The rest provinces, municipalities and autonomous regions  belong to the third class, including 
Fujian, Jiangsu, Guangdong and Shandong provinces, etc. The wind energy resources in these areas are 
relatively weak. But there still an exception, the wind energy resources are abundant as well in Xinjiang 
province, which is also located in  the Three North Areas. However, the installed capacit ies of wind power 
here have not been fully developed. It illustrates that the wind energy resources in Xinjiang province has 
not been exploited effectively. 
     The cluster analysis shows that: 
x The regional investment in China’s wind power has a characteristic of unbalancedness. The installed 
capacities in only Inner Mongolia have surpassed the total amount in the three northeast provinces, and 
the gap is widening year by year. In 2009, the cumulative wind installation in Inner Mongolia has 3 
047.24MV more than it in the three northeast provinces  of China.  
x The level of investment in  China’s wind power is consistent with the wind energy resources: the 
regions with rich wind energy generally have high level investment in wind power. And the wind 
energy resources and wind power investment are the significant factors impact on regional wind-
generated electricity. 
x The wind energy resources in Xin jiang province is abundant but not much invested, indicating the 
development of wind power is also affected by the geographical location, environment and 
exploitation conditions. 
    W ith the growth of wind installation in China, the electricity generated by wind has also increased 
rapidly. In 2004, the wind-generated electricity in the grid operation areas was 882 million KWh, which 
reached to 1 293 million KWh in the year of 2005, rising by 46.6%. In 2006, the wind power generation 
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has been up to 2 416 million KWh, showed growth rate of 86.9%. Then, the growth rate of wind -
generated electricity turned to be 126.79% in the year of 2008. So, which factor significantly contributes 
to the wind-generated electricity in China, investment promotion or the market demand? 
3. Impact factors of wind-generated electricity 
    There are many factors impact the wind-generated electricity, including the wind energy resource 
endowments of one region, which was analyzed above in  details. The region with rich wind energy 
resources and high annual mean  wind speed appears high level of wind-generated electricity. Further, the 
more capacities one region installed in wind power, the greater level of electricity generated from wind 
energy, according to the supply of wind power. Also, the correlation theory of economics illustrates that 
the demand of power market affected the level of wind-generated electricity significantly.  
 
3.1 Variable selection and model settings 
 
    Based on the availability of these data, this paper chooses wind power installed capacities per worker 
(K/L), GDP per capita (GDP/P) and electricity consumption (Consume) as the influential factors of 
regional wind-generated electricity. The wind power installed capacities shared by workers represent the 
investment in China’s wind power. GDP per capita reflects the regional supply capacities of wind power. 
The higher level of GDP indicates that more funds could be provided to improve the investment and 
technology of wind power. And the electricity consumption level represents the changes of market 
demand for the wind power generation. Each variable and its interpretation show in Table.2. 
Table. 2. Variables and interpretations 
 
Variable Interpretation 
Q/P Regional wind-generated electricity per capita 
K/L Regional installed capacities of wind power per worker 
GDP/P Regional GDP Per capita 
Consume Regional electricity consumption level 
 
Note: Q and K represent the wind-generated electricity and the wind power investment in the grid operation areas, respectively; 
GDP is deflated by real GDP annual indexes; P is the regional population; L  is the number of workers in the national electricity, gas 
and water industries. 
    Then, the empirical analysis model is constructed as: 
Ln (Q/P)it  Di ELn (K/L)it ELn (GDP/P)it ELn (Consume)it-1+Hit,  i = 1, 2, …, N; t = 1, 2, …, T 
    Here, i represents province, municipality or autonomous region in China (i=1…11); t represents the 
year (t=1…5). Di is a random variable that represents the interceptandHit stands for the error term. Q/P)it 
is a dependent variable, representing the per capita wind-generated electricity in China’s i province and in 
the year of t. K/L)it, (GDP/P)it and (Consume)it-1 are independent variables: K/L)it represents the wind 
power installed capacit ies per worker in China’s i province and in the year of t. Similarly, (GDP/P)it 
represents the per capita GDP in China’s i  province and in the year of  t. And the (Consume)it-1 represents 
the electricity consumption level in China’s i province and in the year of
 
t-1.  
    Panel data analysis is adopted since the developments of wind-generated electricity are estimated 
across provinces over time. The data are based on a panel of 13 provinces, municipalities and autonomous 
regions in the period of 2004-2008, according to “China Statistical Yearbook”, “China Energy Statistical 
Yearbook” and “China Power Yearbook”. The descriptive statistics of these data shows in Table 3:  
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Table. 3.  Descriptive statistics 
 
Variable Mean Maximum Minimum Std. Dev. Cross section Observation 
Q/P 0.001296 0.015493 6.62E-06 0.002215 13 62 
K/L 2.572753 23.95833 0.071512 3.572540 13 62 
GDP/P 2.261533 7.255376 0.644708 1.324968 13 62 
Consume 1104.417 3118.322 266.4101 754.6884 13 62 
    In order to eliminate autocorrelation effects, the natural logarithm is used to Q/P, K/L and GDP/P. And 
the Consume data are adopted by the previous period due to the lag effect on the wind-generated 
electricity per capita in one region. Models are calcu lated by Eviews6.0, and the pooled model, fixed 
effects model and fandom effects model are selected during the data processing.  
 
3.2 Empirical results and tests 
 
Table. 4.  Regression results of models 
 
Variable Pooled model Fixed effects model Random effects model 
intercept  - -12.819* (-1.830) 
-5.079 *** 
(-3.754) 
Ln (K/L) 0.919 *** (8.803) 
0.854*** 
(5.689) 
1.082 *** 
(18.42) 
Ln (GDP/P) 0.875 ** (2.073) 
0.152 
(0.135) 
0.16* 
(0.557) 
Ln(Consume(-1)) -1.21*** (-14.879) 
0.741  
(0.646) 
-0.431** 
(-1.95) 
AR(1) 0.614 *** (6.200) 
-0.064  
(-0.414) - 
n 38 38 51 
R2 0.909 0.975 0.901 
Adj. R2 0.901 0.955 0.895 
F value - 50.43 *** 143.28*** 
D.W. 2.17 2.43 1.89 
 
Note: Figures in brackets are t  value; * indicates a significant level of 10%, ** indicates a significant level of 5%, *** indicates a 
significant level of 1%. 
 
    Refer to the choice of pooled model or fixed effects model, we use F test, which goes to 2.74, and the 
corresponding P is less than 0.05 (approximately equal to zero). Therefore, it should be rejected the null 
hypothesis (the pooled model), and proposed the fixed effects model. Then, we use Hausman test in the 
choice of fixed effects model or random effects model, which turns out to be 0.945. The H is less than the 
χ2 with 3 degrees of freedom and 5% signif icance level, so it can not reject the null hypothesis  and the 
random effects model should be adopted. 
    From the regression results of random effects model, the R2 reaches 0.901 and the adjusted R2 is near 
upon 0.90, the fitting effect is quite well. Its F value has also passed the significant test at 1% level, 
illustrating the impact of independent variables was determined. 
 
3.3 Analysis of regression results  
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    (1) The investment in  China’s wind power shared by per worker has positive effects on the wind -
generated electricity per capita. Its coefficient is highly significant at 1% level with a value of 1.082, 
indicating the wind-generated electricity per cap ita will grow 1.082% when the investment in wind power 
per worker increases 1%. The wind power investment positively and significantly influences the wind 
power generation, which is sensitive to the investment in wind power on the other hand. It also reflects 
that the rapid development of wind power in China is more directly driven by huge investment an d the 
wind-generated electricity is highly dependent on the investment in wind power. 
    (2) GDP per capita also has positive effects on the level of wind-generated electricity at 10% level. 
This indicates high GDP per capita in one region is consistent with high level of wind power generation. 
However, the coefficient is only 0.16, which means GDP per capita is not the determining one. 
    (3) The electricity consumption of the previous period in one region has significant negative 
relationship with wind-generated electricity. Its coefficient is -0.43 at 5% level. It demonstrates that the 
level of wind-generated electricity and the power consumption are reversed. In  fact, the electricity load 
centres in China are main ly concentrated in densely populated areas. But the wind power bases are 
generally far away from the electricity load centres, even in areas with abundant wind energy resources. 
That’s why there is a reverse relat ionship between the level of wind power generation and power 
consumption.  
    Fig.4. shows the distributions of electricity consumption in provinces , municipalities and autonomous 
regions in 2009. We can see that the areas with relatively high electricity consumption do not belong to 
the Three North Areas, and the wind power capacit ies there are rather weak. With the increase of wind 
installed capacities, the exiting power g rid  cannot adapt to the large-scale access of wind power. Wind 
power developed areas in China are generally located at the end of power grid. So the weak structure o f 
the power grid cannot meet the demand of large-scale incorporation and long-distance transmission, 
which is one of the serious obstacles of China’s wind power development. 
 
 
 
Fig. 4. Distributions of total and per capita electricity consumption in provinces, municipalities and autonomous regions in 2009 
(102 million KWh; 102 million KWh per capita) 
4. Conclusion and policy recommendation 
    Based on the analysis of reg ional wind power investment, we can conclude that the investment in  wind 
power is consistent with the distribution of wind energy resources in China. Areas with abundant wind 
energy resources and high wind-generated electricity are mainly distributed in the Three North Areas, 
such as Inner Mongolia, Hebei, Jilin and Gansu provinces, etc. And the seven national wind power bases 
of 10 million kilowatts-level are all concentrated in the Three North Areas, excluding Jiangsu province. 
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All these areas have moved to the forefront of China’s wind power investment both in the development of 
speed and scale. 
    Analysis of Panel Data in the period 2004-2008 and the 13 representative provinces , municipalities and 
autonomous regions shows that the wind power investment per worker is a significant factor impacts the 
wind-generated electricity per capita, indicat ing the industrial investment is a main driv ing force of 
China’s wind power development. Also, the level of electricity consumption affects the wind-generated 
electricity obviously, but negative, indicating the distribution of wind power generation and the power 
consumption were backward. The overall arrangement of wind industries and the market demand are 
mis matched, so that the produced electricity has been held up in wind generating areas, which cannot be 
sent to the demanding market. 
    Therefore, in order to develop the wind power industry in China, we should: First, overall planning the 
wind power bases and the capacities of power grid: the wind power should be programmed on a national 
scale, according to the national and local p lanning of power grid. A lso, the overall planning should be 
incorporated into the mid-term and long-term development programs of China’s power industries, 
establishing an informat ion communicating mechanis m of wind power development and power grid 
construction. Second, adjusting export policies of wind power industry and expanding the power-
demanding market: expanding the oversea market positively and constructing the power grid with 
neighbourhood, so that the surplus wind power generation could be sent to the foreign count ries by 
international trade, finally achieving the win-win situation.  
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